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FOREWORD 


This book has been prepared to furnish the 
Aerial Gunner with a simplified explanation of the 
problems of aerial gunnery,and the solution of these 
problems with the Sperry type K Automatic Computing 
Sights. 


Operating instructions are given in a 
Simplified, conversational manner such as might be 
used in group instruction of gunners. 


If more detailed information is desired, 
reference should be made to Sperry Instruction 
14-225 for the Operating Principles of the Sight 
and to Sperry Instruction 14-226 for Service and 
Overhaul of the Sight. 
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INTRODUCTION 


AERIAL GUNNERY 


1. Aerial Gunnery in the past has been a matter of trial and error, combined 
with a few rough estimations made inadvance. The gunner would estimate the range 
and relative speed of the pursuit ship,and lead the target with the aid of a ring 
or rings in his sight. The accuracy depended upon the amount of his previous 
practice, and how much time was allowed to make a sound calculation. The use of 
tracer bullets improved the problem, except that it was difficult to tell whether 
the shots are falling short of the target or falling past it at longer ranges, and 
they did not follow the same path as regular bullets. In addition, the tracers 
were no longer visible after 600-800 yards, and the maneuvers of the pursuit ship 
did not allow much time for trial and error. These factors all combined to limit 
the effective range of the bomber's machine guns toa few hundred yards at the most, 
and this allowed the pursuit ship to get within firing range without much difficulty. 


AERIAL GUNNERY PROBLEM 


2. There are two reasons why the aerial gunner cannot fire "point blank", 
or aim his sight directly at the target, except at very close range: 


a. One reason is that the bullet does not follow a straight course. It 
naturally falls while itis in flight,and is also deflected fromits path depending 
on the amount and direction of the wind blowing. In aerial gunnery the whole 
is naturally considered without regard for the ground; in other words the 
gunner ina bomber has only two things to think about: his own plane and the 
pursuit ship. He finds the problem simplest if he considers the bomber as standing 
Still, and the pursuit ship flying around it. The only effect due to the speed 
of the bomber is the rush of air, or "wind" passing it. The amount of this wind 
depends of course upon the air speed of the bomber. This is so great.as to make 
a wind mich higher than is ever encountered in ground gunnery. It is the main 
factor, also, which makes aerial gunnery more difficult. Fortunately the wind is 
always in the same direction: directly from the nose of the plane, but with a 
flexible gun or turret the path of the bullet may be at any angle to the wind. 
Therefore, the amount the bullet is deflected may vary greatly. This deflection, 


combined with the effect of gravity, is called the "ballistic" deflection. (See 
figure 2). 
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b. The other is that a” "lead" is necessary because the target moves 
while the bullet is in flight. Of course this will not occur if the pursuit is 
flying along beside the bomber, or flying directly at it, but these conditions 
Only happen for a moment. Usually the gunner has to move his Sight to follow the 
target, which means there is some "relative speed". When this is true, he has to 
lead the pursuit by an extra amount, or "predict" where it will be by the time the 


bullet gets there. This angle of lead is known as the "prediction" deflection. 
(See figure 2). 
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1" 
* The word "Lead" is used here loosely to represent an angle between the line of 
Sight and the line of the gun bores. 
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5. The amounts of these "deflections" due to ballistics and prediction have 
been measured and Calculated for years, under many conditions of altitude and air 
speed. If the gunner had time and many instruments and tables,he could correctly 


—J 
allow for these in aiming his gun; but it is obvious that some device is needed 
which will calculate them quickly enough for actual combat. Such an instrument 


would offset the telescope or reflex Sight to the correct angle from the line of 
the gun bores; so that the gunner could aim his sight directly at the target and 
nt at, at pe ranges up to 1000 yards. Ali computing gunsights accomplish 
this in one way or another. 


NECESSARY FEATURES OF A COMPUTING SIGHT 
—_—$————— et EV EENG DIGHT 
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4. The basic principle for 2 computing gunsight 
his sight directly, either by hand or power drive, so as to follow th 
The sight computes the correct angle, and advances the gun bores by that amount. 
Several sights of this type are in use or being developed for larger b 


for the gunner to move 
e 
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OPERATING PRINCIPLES 

0. The principle of the Sperry "K" type .50 Cal. Sight is simli? 
production. Instead of moving the sight crosshairs dir ctly, the gunner controls 
the guns, and the sight crosshairs follow. It can either be mounted on a gun, or 
rigidly connectedtoit inaturret. The arrangement can be compared toa telescope 
Sight ona gun, with a mechanism between the two which offsets the sight vertically 
and laterally by the required angles. The gunner has direct or power driven control 
over the gun, and moves the gun ahead himself unti 
the target. As he moves the guns,he also moves the computing mechanism, or sight 
"body", because it is linked to the guns. In the case 
Sight and guns are both rigidly connected 
pointed the same. So the sight as a whole moves around and up or down exactly 


with the guns, but the illuminated crosshairs foll owatan angle. The angle between 
the line of sight, or "reticles" and the sight body is therefore the same as the 


angle the guns will “lead” the target. 


DESCRIPTION 


OPTICS 


6. A lamp is mounted in the rear of the sight. see figure 3S. Its light 
beam passes through slots in a "light gate", and is reflected upward by a mirror. 
It passes through a lens and produces the reticle image in the slanting gla 
mounted in the optic head. This glass, called the combining glass, permits 
gunner to see the target, with the reticle image superimposed upon it. A green 


filter glass. is provided to cut out the light from a bright sky, to prevent eye 
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FIGURE 3 
OPTICAL SYSTEM OF SPERRY K-TYPE SIGHTS 
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strain, and permit the reticles to stand out more clearly. This glass is red on 
some of the earlier sights. The reticle image consists of a horizontal line of 

ight, and two vertical lines, one extending upward, and the other downward. 5ee 
These vertical lines can be moved in and out, and the sight should be 
imed so that they just "frame" the target and the horizontal line crosses the 


7. The sight moves the reticle image sideways by revolving the whole optic 
head, containing the combining glass, filter,and lens. See figure 5. The mirror 
is also turned automatically abouta pivot at the top, soas to deflect the reticle 
image up and down inthe combining glass. The gunner should move his head slightly, 
to keep the reticles in full view as they deflect. 


INSTALLATION IN TURRET 


8. The K-3 and K-4 automatic computing sights are mounted in power turrets. 
There are three flexible connections fromthe turret to the sight, which are simply 
to provide the sight with the necessary information for its computing. See figures 4,6. 
The sight does not drive the turret in any way; it is driven by the turret, the 
same asthe guns. Twoof these flexible shafts are connected in back of the sight. 
One revolves as the guns are driven around (in azimuth) and the other revolves as 
they go up and down (in elevation). In this way, the sight can measure the angle 
the guns are pointing and the speed the turret moves in order to calculate the 
deflections. 


RANGE FINDER 


9. The longer the bullet travels, the more the wind will deflect it, and 
the farther the target will fly from its position at the time the bullet started. 
pends of course upon the distance to the target (range). MThere- 
fore, the sight must have a range finder in order to compute the reticle deflections. 
This mechanismworks on the principle that the target "looks bigger” as it approaches, 
and fills more space in the sight optics. The gunner mst tell the Sight how big 
et appears to him, by bringing the 
ical reticles together until they 
touch the extremes of the target as seen 
through the combining glass. In figure 5 
the wingtips are the extreme points seen. 
e , the gunner controls the 
separation of the reticles % the range knob 
in the lower ball 
rret by the range foot pedal. Previously 
€ gunner has set the target dimension dial 
ndicate the actual wingspread = the 
i the sight now can compute 


, in yards. If the gunner 
continues to spread his reticles farther apart 
he 


| ca the sight will FIGURE - 5 
Le for the changes in range. FRAMING THE TARGET 
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TYPE K SIGHT IN UPPER LOCAL TURRET 
(REAR VIEW) 












RANGE DIAL 


10. The range dial (see fig. 1) indicates the range inyards that the sight 
has computed. For ordinary operation the gunner does not need to look at this 
dial, as the sight takes care of the range automatically. In some cases, however, 
he may be tracking a ground target of uncertain dimension, or too large or small 
for using the range finder. At such times,he should take the altitude and convert 
it to yards, by dividing by three. He will set the range dial to this figure, and 
not use the target dimension dial. Frequently he will not be flying directly over 
the target, and the range will be somewhat greater than the altitude in yards. 
He will have to estimate this increased range to set his dial. 


TARGET DIMENSIONS 


ll. Sometimes it will be necessary to use the sight on a target much larger 
than a pursuit ship. The 
limit of the target dimen- 
Sion dial is6O0ft. There- 
fore, the dial would have 
to be set on half the wing 
spread, and the reticles 
kept framed on the center 
half of the plane,in order 
to find the range. see 
figure 7. 


COMPUTER MECHANISM 





12. Ballistic: The 
wind and gravity deflect FIGURE-7 
the bullet both sideways FRAMING OF LARGE TARGET 
and vertically,as showninfig. 2. The effect depends upon the azimuthand elevation 
angles, and the deflection also increases as the range becomes greater. ("Azimuth" 
is the angle the turret has revolved clockwise from the nose of the plane; "elevation" 
is the angle of the guns above or below horizontal). In order for the sight to 
compensate for these changes in the ballistic deflections, it contains cams which 
move the reticles. These "ballistic" cams are driven by the azimuth, elevation, 
and range flexible shafts. The surfaces of these cams represent the ballistic 
tables, and their followers offset the reticles the proper amount to compensate at 
whatever angle the guns are aimed. The airspeed and altitude most likely to be 
encountered are assumed in the design of these cams. 


13. Prediction: The prediction deflection depends on the relative speed of 
the target, so the Sight measures the speed of the turret in tracking it. After 
determining the speed of the target and the range, the sight offsets the reticles 
an additional amount, depending on the prediction angle required. Thus, the 
reticles will takea definite position when the turret revolves ata const 
and will move to another position as the turret slows down,speeds up, or reverses. 
When the turret Stops, such as when the Pursuit ship is flying along beside it at 
the same speed, no predictionisrequired. Therefore the reticles will Swing back 
to a position near the center. For those interested in a more detailed analysis 
of these problems, and the actual mechanism used, a thorough study is recommended 
of Sperry Manual No. 14-225, for "SPERRY AUTOMATIC COMPUTING SIGHTS". 


ant speed, 
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SLEW ING 


14. The turret speed affects the position of the reticles ay 
Whether the gunner is following a target or not. This accounts for the very large 
deflection of the reticles as the guns are "slewed" rapidly from one ta 
another, and the way they drift back toa smaller angle as the gunner picks up the 
target and slows down the turret to track. 


OPERATION 
STARTING 


15. In order to operate the Sight, the first step is to turn on the turret 
main switch. After that, the Sight switch can be turned on 
light up. The sight motor will also run. Sometimes it may st 
that it wil 


bee 


not start unless a special start 
T] 
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may be compared to a steam engine on dead center. fhis starting circuit is con- 
is wiped momentaril 


nected through a center contact on the Sight switch. This 
as the switch is turned on, and will start the motor. Therefore, if the turret 


main switch is not turned on first, the sight switch will not be alive for the 
r 
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Starting circuit. The gunner should make arigid habit of turning the sight switch 
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off every time after use, and always turnon the Slgnt switch after the turret maiz 
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switch. The sight will operate best if allowed to warm wr 1or abdout five minutes 
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before using, but do not leave it running when itis not necessary. Never operate 
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the turret. unless the sight switch is running. 
Seen 
RETICLES 
LE Td 
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io. After the sight has been turned on, adjust the "increase light” knot 
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on the front, until the reticles are just brilliant enough to contrast with the 
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sky. Un very dark days, or at night, the green filter glass should be removed. 
3 1 very kK ’ or « Y o . 
: =o — = ew ~2 277 >) + aejcatar aN 
in ition to cutting the light down to a minimum. This will make it easie1 


add 
see the target 


i. On the ball turret, the filter can be slid down out of the wa 
but left inthe optic head for ready use. On the upper turret this cannot be done 
without danger of the glass hitting on the dome at high elevations of the runs. 
Never carry the filter glass away, so that it will not be available for instant 
use. Generally the reticlé brilliance can be adjusted roughly during the pre- 
flight check. On later sights itis possible to dim the reticles sufficiently for 
night missions. 

WHEN TO FIRE 
aera nee, 
17. The next step is to set the target dimension dial. For this purpose, 
the first gunner to sight the target should mention on the interphone the type of 
ed by having their dials set. If 


pursuit plane, so that the others’can be prepar 
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the target is not yet within range, bring the reticles as close 
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foot pedal all the way down. AS soon as the target comes within view, e 
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rounds) are recommended, since the guns climb slightly from vibration. If the 
target approaches closer, spread the reticles gradually to keep it "framed", and 


continue firing. 


TRACKING 


18. Since you have the best advantage with the sight at long ranges,make every 
effort by coordinating with the other gunners to keep the target at a distance, 





FIGURE -8 FIGURE -9 
FRAMING OF TURNING TARGET FRAMING OF DESCENDING TARGET 

Where it is much easier to track. If the pursuit should surprise you, and getin 
too close to follow with the reticles, use the ring and bead sight mounted behind 
the optic head, and fire point blank. Be careful that this sight does not hit on 

the upper turret,by keeping it close to the optic head. If the reticles 
erk back and forth in your efforts to get them on the target, Stop momentarily 
and come upon the target smoothly from behind. You must be following or "tracking" 
the target long enough for the sight to compute, and not just crossing it with 
the reticles. This is the advantage of working at long range. If you do not see 
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on,or Sideways, imagine a circle around it which touches the wing 
ur reticles on the outside of that circle with your 
range mechanism. See figures 8 and 9. 


PRACTICE OPERATIONS 


19 o ¢ 
iJ. The computing sight makes it unnecessary to get a great deal of firing 
come a good gunner. Previously a man could become an expert 
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Spee aes euerres, timating the lead and firing the guns at moving targets. 
=r en ee ees wever, there is not as much technique required because it is 
imply a matter of tracking the target properly and using the range finder. This 
RR to practice ee pursuit ship,so that you get accustomed 
’ re sight. It is best, however, to practice pressing the firing key at the 
me,with no ammunition in the guns. Then you will be able to operate the 

and fire inactual combat without confusion. It is not necessary to 
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fire the guns to see how well you are doing, because the results depend Solely on 
your skill in tracking the target. In order to be sure of your sight and turret 
mechanism, it is of course necessary that the ground maintenance men have had the 
opportunity to run their inspections and Preflight checks before you take off. 
They can tell by harmonizing and testing just how well the Sight is adjusted. They 
Will Sign the turret log book when the mechanism has been checked,so that you c 
be sure it is ready for use in combat. Occasional firing of the guns is wise, 
that you can become experienced in using them, and know that they are working. 

is alsoa good check on whether you are using the sight properly. When practic 
with the Sight, be sure that all Gunners are using the interphone and working 
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ee 
gether, or the pursuit Will get in too close before you find it. The whole technique 
1s to keep it ata distance, where you can track it easily, and it Cannot fire at 
the bomber. This cannot be done properly without team work between all crew members. 
Every gunner should know where the target is,from the moment it is first Sighted. 
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INSTRUCTIONS FOR PURSUIT PILOTS 
ee a LOTS 


20. The purpose of this training is to give the Gunners practice in coordi- 
nation and tracking. They must learn to Sight the target and have the proper turrets 
trained on it before it gets within range. With their computing sights they can 
begin accurate fire atarange of 1000 yards. If a turret is following your plane 
by the time you can see it, you should turn and attempt another approach or else 
enter a zone where that turret cannot follow. Youcan approach Safely in the area 
Shaded, (see diagram) providing the bomber does not bank, or you remain outside 
the range of the side and tail guns, which do not have the computing sights. If 
you enter this area to avoid one turret, you may be able to Surprise the gunner in 
the other and make a top or bottom approach within your range of fire. If you 
make constant attempts to approach in this manner, the gunners Will get the necessary 
practice in teamwork, so thatitwill be impossible to surprise either turret with- 
out using two pursuits. In actual combat,it will be impossible to approach within 
900 yards unless you Surprise one of the turret gunners. Therefore, if you keep 
beyond that range except in such cases, the gunners will have a better picture of 
how they should operate. An occasional close approach is desirable, however, for 
Short range practice. 


INSTRUCTIONS FOR TURRET GUNNERS 


21. The following is the recommended Procedure for use of sight by turret 


gunners. 
1. Be sure you are fully equipped with interphone and throat microphone 


before taking battle stations. 


<. Remote turret gunner turn on main switches and Sight switch as soon as 
the pursuit is reported. Charge guns as soon as possible. 

5. Fromthe time the pursuit first takes off,its position should be reported 
continually. Whenit gets close enough to identify, the tail gunner should report 
to the other gunners the type of plane, so that they can immediately set their 
target dimension dials (on computing sight) to the wingspread. 


4. The range dials should be set to 1000 yards if the target is not yet 
within range, so that the turret gunner can press his firing key as soon as the 
target fills the reticles. 
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5. In order to get practice in coordination, turret gunners should make 
use of all features, as in actual combat: 
a. Charging mechanism (without ammunition in guns). 


b. Target Dimension Dial - Adjustment of reticle brillance ("INCREASE 
LIGHT" knob) 


c. Range knob, or foot pedal - Microphone switch 


d. Fire Selector Switches - Firing Keys. 


6. Regardless of the type of pursuit ship usedinthis practice, the target 
should be identified as some class of enemy plane, so that gunners can become 
familiar with the wingspreads for setting their target dimension dials. A table 
of wingspreads will be posted in the plane. {| 


7. The pilot and gunners shall keep each other informed continually: of 
approaching targets, as: “"ME-109, Red, Rear, Upper". 


8. When a target is reported to the rear, neither turret gunner can see 
it,due to the tail surfaces. They must be told by the tail gunner what direction 
it is going, such as "Green, Rear, Upper, Going Down". In this way they can be 
prepared for the plane before it comes into view. The turret gunners should also 
mention if the target is going from one zone to the other. 


9. When a turret gunner cannot see any target,and has no current informa- 
tion, he should search his zone continuously by revolving very fast. It may be 
that the target is in his area and no one else can see it. 


10. When the ball turret is pointed out the side of the Ship, the gunner 
can See the target when it is considerably above elevation limit of fire. There- 
fore,he should bring his head as low as possible,so as to advise the upper turret 
gunner, and be prepared for a return of the target to his own zone of operation. 


ll. Very little will be gained at long ranges by the pilot trying to avoid 
the pursuit ship by irregular motions of the bomber, or "evasive action". The 
turret gunner will have much ereater Success tracking the target if the bomber 
flys a straight, smooth course. 


MAINTENANCE 


CARE 


22. Take good care of your Sight. The optic head containing the combining 
glass is very delicate,and must be watched especially. Do not step on it or bump 
it, and avoid touching it entirely, except when Cleaning the glasses. 


LINE MAINTENANCE 


23% Do not try to oil the sight or make adjustments of any kind, unless 
iy have been thoroughly trained. Sights can be removed from one plane,and placed 
n-another, but not without Special instructions. Never attempt to connect in the 
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flexible shafts,as serious damage canresult if itis not done 
Man can install the sight and line it up with the guns, but 
to see thatitis done properly. Turrets are now being equipped with a Spare 
box for the sight. These boxes contain spare reticle bulbs. 

can be replaced by removing the round cover in back of the sight 
the bulb mounting. 


TROUBLES AND REMEDIES 


e4. Some simple troubles to detect are: 






Sight motor not running. Operate sig! 





Cannon plug not connected. connect 









Fuse blown Check 








Bulb burned out Replace 








Reticles do not move 
Sideways. 








Reticles 
or down. 





do not move up 





knob or foot pedal. 
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REVIEW QUESTIONS 


Why does a computing sight make it possible to fire accurately at longer 


Why do the reticles move around with relation to the sight body’ 
Why do the vertical reticles move in and out? 


What moves the vertical reticles in and out - 


a. On Upper turret? 
b. On Lower turret? 


What is the purpose of the target dimension dial? 


. Why is it necessary for the gunner to study all types of enemy pursuit 
and know their wingspread at sight, in order to use the computing sight 
properly? 


What is meant by "tracking"? Why is it necessary to track the target? 
Why do the reticles swing off while the turret is "slewed". 

How do you tell when computing is completed? 

What is the prediction deflection? 


Will any difference be necessary in using the Sight when the wind is 


from the North or the South? 


12. 


Is a man well trained to use the sight in combat if he has practiced 


firing at ground target from a turret mounted on a truck? Give reasons. 


13. 


When the target has a greater wingspread than 60 feet, explain in detail 


how to use the range finder. 


14. 


When you do not know the actual size of a ground or water target, how 


would you determine the range? 


15. 


ee 


19. 
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17. 


18. 


Name the flexible shafts connecting to the sight. Why are they necessary? 
Why is it not necessary to lead the target with the reticles? 

Does the gunner have direct control over the movement of the reticles? 
Does the gunner have to allow for the drop of the bullet? Explain. 


Why do the reticles take a position near the center when the pursuit 


flying alongside at the same speed? 


What causes the reticles to be moved sideways? 
What causes the reticles to be moved up and down? 


Why is coordination between gunners more important, with a computing 
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ANSWERS TO REVIEW QUESTIONS 


1. To use a fixed Sight at long range, the gunner must estimate: 


a. The drop of the bullet 

b. Range 

c. The effect of the wind at whatever angle the guns are pointed 
d. Relative speed of the target 

€. The lead required for this relative speed 





He does not have time to compensate for all these factors under rapidly varying 
conditions. At long ranges, the corrections required are also mich greater, and 
a mistake in aiming means a mich greater miss. See paragraph 3. 


2. Instead of the gunner leading the target, the reticles moves to the angle 
necessary. Then he can keep the Sight on the target, and the lead is taken care 
of automatically. See paragraph 3. 


5. So that the gunner can set them to show how big the target appears. This 
helps the sight calculate the range. See paragraph 9. 


4. a. Range knob on hand control for K-3 sight. 
b. Range foot pedal (left foot) for K-4 Sight. 


o. The target dimension dial is required so that the sight will know the 
actual size of the target to compute the range. See paragraph 9. 


6. So that he can set the target dimension dial to the proper wingspread 
as soon as the target is sighted. See paragraph 17. 


7. A target is "tracked" by following it fora few moments with the reticles 
exactlyonit. The sight cannot calculate the relative speed of the target unless 
the turret is following it exactly, because the sight actually measures the speed 
of the turret. See paragraph 13. 


8. When the turret is "slewed", or swung rapidly to get on a new target, 
the sight continues to compute. Due to the high turret speed, it computes a lead 
for a high relative. target speed, the same .as ifa target was actually being tracked 
atthe instant. Sincea great lead would be required fora target going by so fast, 
the reticles, swing off as far as they will go. See paragraph 14. 


9. Computing is complete when the reticles settle toa fairly steady position. 


—_/ 


10. "Prediction deflection" is the lead necessary because the target moves 
While the bullet is onitsway. The gun must be aimedat the place where the target 
will be when the bullet gets there. The reticles are "deflected" so that they can 
be kept on the target while the guns lead it. See paragraph 2. 


ll. The effect of the wind depends only on the airspeed of the bomber. See 


paragraph 2. 


12. A gunner should be .trained to use the sight quickly and naturally under 
the excitement of a surprise attack by a rapidly maneuvering target. He should 
become expert also at keeping the pursuitat long range. 75% of the practice must 
be with an actual pursuit target. See paragraph 19. 
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13. Suppose actual wingspread= 80 ft. Set target dimension dial to 40 ft. 
Frame center half of target with range control, instead of outside circle. see 


paragraph ll. 
14. See paragraph 10. 


15. 1. Azimuth, 2. Elevation, 3. Range. 


Purpose: 1 and 2. - To tell the sight the angle at which the guns are 
aimed,and the speed theyare moving. 3.-So that the gunner can move his reticles 
in and out, to operate the range finder. 


16. Because the reticles are moved outof line with the guns by the computing 
mechanism in the sight. No further lead is necessary. See paragraph 3. 


7. No. He has direct control over the guns and the body of the sight. 
The reticles tend to follow, but are also controlled by the computing mechanism. 
See paragraph 5. 


18. No. The reticles are aimed slightly below the guns’ to allow for the 
drop of the bullet. The verticle ballistic cam controls this compensation. 


19. Because it is not necessary to move the turret to keep on the target, 
and no "prediction" is calculated. The reticles are not exactly centered, because 
the windand gravity will still throw the bullet offcourse slightly. See paragraph 
A 


20. The optic head revolves to one side or the other. 
21. The mirror moves up and down. 


22. Because all gunners must know where the target is,at all times. Other- 
Wise, the pursuit may get in close enough to fire, by surprising one gunner. See 
Paragraph 19. 
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